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Amendments to the Specification: 

Replace the specification of record with the following substitute specification under 37 
C.F.R. § 1.121(b)(3). No new matter has been added. A clean copy of the substitute 
specification is appended. 
TITLE OF THE INVENTION 

A Rotary Drive Device of a Polishing Device 
BACKGROUND OF THE INVENTION 
Field of the Invention; 

[0001] The present invention relates to a rotary drive device of a polishing device. More 
specifically, the present invention relates to a rotary drive device of a polishing table, a table for 
CMP (Chemical Mechanical Polishing) or polisher which is used to flatten an end face of a 
semiconductor wafer or an end face of liquid crystal glass. 
Description of Related Art: 

[0002] Conventionally, a method called CMP (Chemical Mechanical Polishing) is used to 
flatten semiconductor wafers and so on. In short, a wafer is put on a turn table, then, the wafer 
is pushed to the turn table by a polisher and is polished thereby having slurry sprayed between 
the wafer and turn table (for example, see Japanese Patent Laid-Open No. Hei 8-167585). 
[0003] It is necessary to drive this turn table and/or the polisher at low vibration and with low 
noise, and accordingly a direct drive motor of a low rotating speed, which will be referred to as 
DD motor hereinbelow, is widely used for this purpose. In other words, a drive shaft locating at 
the center of the turn table is coupled with an output shaft of the DD motor. However, in that 
case of conventional DD motor system, there was a problem that it is voluminous and heavy. 
[0004] In addition, as wafer size increases (for example, from 8 inches to 12 inches), a still 
bigger torque is needed to drive a table. Because of this, the problem intensifies more. More 
specifically, in order to obtain a large torque, a volume and weight of a DD motor increase, and 
thus, a necessary electric current becomes big, and the generation of heat increases. 
[0005] On the other hand, in order to obtain an evenness of high dignity in a wafer, it is an 
important problem for CMP that changes and vibration in a rotational speed of a table are 
suppressed strictly. However, absolute amount of change in the rotational speed of a motor is 
generally almost fixed. In addition, a change rate of the motor speed is determined as a rate of 
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a change relative to the motor speed. Because of these reasons, it is difficult for a DD motor, 
the rotational speed of which is low, to suppress a change rate of speed at low level. 
[0006] In order to overcome this problem, there is a proposal wherein a high-speed motor and 
a gear type reduction gear are employed, and miniaturization of the drive is planned, and, at the 
same time, a change rate of speed is decreased. For example, a drive shaft is downwardly 
disposed from the center of a turn table, a gear formed on this drive shaft and a gear mounted 
on the output shaft of a drive motor are engaged with each other so that the turn table is 
rotatably driven (for example, see Japanese Utility Model Laid-Open No. Sho 62-78260). 
However, there is a problem that comparatively large vibration and noise occur because of 
engagement between teeth in the gear type reduction gear. 
Problems to be Solved by the Invention 

[0007] As described above, as for the drive of CMP tables or the like, required torque 
increases as the diameter of a wafer increases. On the other hand, polishing devices of 
semiconductor wafers are generally used in a clean room, their lightweighting is required from a 
limit against load of a clean room floor. 

[0008] In addition, for rotation of a polishing table, a table for CMP or a polisher, high 
rotational precision is required strictly (i.e., small change of a rotational speed, small vibration, 
small fluctuation of a table surface) in order to highly precisely flatten a wafer. 
[0009] Furthermore, a polishing table, a table for CMP or a polisher is required to scarcely 
generate low heat and have a hollow structure in order to control the temperature of the 
polishing table, the table for CMP or the polisher. 
BRIEF SUMMARY OF THE INVENTION 
Objects of the Invention 

[0010] It is an object of the present invention to provide a rotary drive device of a polishing 
device, i.e., a rotary drive device of a polishing table, a table for CMP (Chemical Mechanical 
Polishing) or a polisher, which can simultaneously satisfy the above-described demands. 
[001 1] It is another object of the present invention to provide a drive of a polishing, table for 
CMP or a polisher, which has a large output torque and high rotational speed precision, which 
performs low vibration, and low noise, and which has a hollow, compact and lightweight 
structure. 
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Means to Solve the Problems 

[0012] According to the present invention, the objects are achieved by a rotary drive device of 
a polishing device such as a polishing table, a table for CMP or a rotary drive device of a 
polisher which is used to flatten an end face of a semiconductor wafer or an end face of liquid 
crystal glass, wherein a traction drive type reduction gear, which comprises: an externally 
contacting shaft; and a plurality of intermediate shafts which are equidistantly disposed at the 
circumference of and which are externally contacting with the externally contacting shaft, is 
used to transmit the rotation to the polishing table, the table for CMP or the polisher. 
[0013] More specifically, as shown in the illustrated embodiment, it is preferred that the 
present invention is carried out as a rotary drive device of a polishing device wherein a traction 
drive type reduction gear comprises: an externally contacting shaft formed in a ring-shaped 
hollow cylinder and arranged at the center; a plurality of intermediate shafts which are 
equidistantly disposed at the circumference of the externally contacting shaft, and at least one 
of which is an input shaft; and an internally contacting cylinder with which the intermediate 
shafts internally contact, and under free conditions, the externally contacting shaft formed in a 
hollow cylinder has a diameter which is a little bit larger than a diameter of an imaginary circle 
which externally contacts with a plurality of intermediate shafts whereby pressing load is created 
by means of deformation of the hollow cylinder. 

[0014] In this case, it is preferred that the internally contacting cylinder is formed in co-axially 
arranged double hollow rings, and that an inside ring and an outside ring of the double hollow 
rings are coupled with each other by means of a coupling member. 

[0015] More specifically, the internally contacting cylinder has a plurality of recesses, and is 
integrally engaged with the outside ring (output shaft) of the double hollow rings sandwiching 
rollers mounted in the recesses therebetween. According to this construction, the shape of the 
floating ring (hollow ring-shaped internally contacting cylinder) which has been in a truth circle is 
deformed in a wavy shape in the elastic region whereby pressing force is generated. Thus, the 
rotation of the polishing table, the table for CMP or the polisher can achieve high rotation 
precision (change of a rotational speed, vibration, fluctuation of the table surface being small), 
and the wafers can be processed in a highly precision. 

[0016] Furthermore, as illustrated in the embodiment, according to the present invention, it is 
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preferred that the internally contacting cylinder is coupled with the polishing table, the table for 
CMP or the polisher by means of a pin or a key. More concretely, it is preferred that the 
internally contacting cylinder is formed in an inner race of the main bearing, the main bearing 
being formed by two lines of angular ball bearings, and the outer race of the main bearing is 
integrated with a housing of the polishing device. Thus, the structure becomes compact, and as 
a polishing device of semiconductor wafers installed in a clean room, lightweighting can be 
achieved while a limit against load of a clean room floor can be born. 
[0017] Furthermore, as illustrated in the embodiment, according to the present invention, an 
electric motor may be coupled with an input shaft, and the input shaft may be offset more 
greatly than a radius of the electric motor from the center of the externally contacting shaft, so 
that the polishing table, the table for CMP or the polisher can be formed in a hollow structure, 
and that temperature of the polishing table, the table for CMP or the polisher can be controlled 
readily. 

[0018] In addition, as illustrated in an alternative embodiment, the present invention may be a 
rotary drive device of a polishing device which comprises: an externally contacting shaft which 
is disposed at the center and which serves as an input shaft; a plurality of intermediate shafts 
equidistantly disposed at the circumference of the externally contacting shaft; an internally 
contacting cylinder with which the intermediate shafts internally contact; and a carrier which it 
rotatably supports the intermediate shafts, and the output is taken out from the carrier or the 
internally contacting cylinder. 

[0019] In this case, it is preferred that the externally contacting shaft is offset from the 
rotational center of the polishing table, the table for CMP or the polisher, an output shaft 
coupled with the carrier is disposed on an axis of an externally contacting shaft and the output 
shaft is coupled with the polishing table, the table for CMP or the polisher by means of a power 
transmission member. Tooth belts can be used as the power transmission member. In 
addition, an electric motor may be coupled with the externally contacting shaft which serves as 
an input shaft. 

[0020] As described above, a DD motor has a large volume and weight. In order to obtain 
large torque, necessary electric current is big and the generation of heat increases. Contrary to 
this, according to the present invention, a high-speed motor (more than 1,000 rpm) is employed, 
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and an output torque is taken out after it is magnified by a reduction ratio R times using a 
reduction gear of special structure, and thus the device can be compact while it creates a large 
torque. 

[0021] In addition, as described above, in a polishing table, a table for CMP or a polisher, it is 
an important problem to strictly suppress a change and vibration of a rotational speed of a table 
in order to obtain an evenness of high dignity in a wafer. According to the present invention, 
this problem can be solved by using a special reduction gear which has the structure described 
above. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0022] The present invention will now be explained in detail with reference to the drawings 

illustrating some embodiments of the present invention, wherein: 

Fig. 1 shows a sectional view of one embodiment wherein the present invention is carried out in 
a CMP table; 

Fig. 2 shows 2-2 section of Fig. 1 ; 

Fig. 3 shows a sectional view of the alternative embodiment wherein the present invention is 
carried out in a CMP table; 

Fig. 4 shows an enlarged sectional view of a traction drive type reduction gear used in the 

embodiment of Fig. 3; 

Fig. 5 shows 5-5 section of Fig. 4; and 

Figs. 6 (a)-(c) show fragmentary sectional views of different embodiments of a traction drive 
type reduction gear. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] In a preferred embodiment illustrated in Fig. 1, reference numeral 10 denotes a table, 
on which semiconductor wafers or liquid crystal glass are mounted and which is pushed by 
polisher (not shown) from the top, and it is used to flatten an end face of the wafers or an end 
face of liquid crystal glass. The table 10 is disposed on a frame 1 1 and, as will be described 
later, it can be rotated in a horizontal plane by a drive motor through a traction drive type 
reduction gear 20. 

[0024] Referring to Fig. 2, an embodiment of a rotary drive device according to the present 
invention will be explained. An externally contacting shaft 5 formed in a ring-shaped hollow 



Page 6 of 30 



Application Serial No. 09/811,417 

Amendment after final under 37 C.F.R. §1.116 dated March 3, 2004 
Reply to final Office action of January 6, 2004 

cylinder is disposed at the rotational center of the table 10 by means of a carrier 4 (Fig. 1 ). A 
plurality of (3 in Fig. 2) intermediate shafts 2 are equidistantly disposed at the circumference of 
the externally contacting shaft 5, and as illustrated in Fig. 1 , they are supported rotatably on the 
carrier 4 by means of bearings 13. Each intermediate shafts 2 externally contacts with the 
externally contacting shaft 5. Therefore, each axis of the intermediate shafts 2 is offset from the 
axis of the externally contacting shaft 5 formed in a ring- shaped hollow cylinder. The amount of 
this offset is set larger than a radius of a drive motor 1 which will be described later. 
[0025] As illustrated in Fig. 1 , the drive motor 1 which is an electric motor is mounted on frame 
1 1 by means of bolts 14, and the output shaft 1a of the drive motor 1 is vertical. One of the 
intermediate shafts 2 is coupled with the output shaft 1a of the drive motor 1 by spline (not 
illustrated), and the intermediate shaft 2 is an input shaft of the CMP table. 
[0026] As described above, the position of the intermediate shafts 2 is offset more than the 
radius of the drive motor 1 , and the externally contacting shaft 5 formed in an ring-shaped 
hollow cylinder is located at the center of the table, and a thin cylinder 16 is supported by the 
carrier 4 at the center of the table 1 0 to form a hollow structure. A joint 3 is passed through the 
hollow portion to control the temperature of the polishing table, the table for CMP or the 
polisher. 

[0027] Referring to Fig. 2 again, the outer circumference of the above described plurality of 
intermediate shafts 2 internally contact with the internal circumference of the internally 
contacting cylinder 6. In the present embodiment, the output shaft 8 formed in a hollow ring and 
co-axial with the internally contacting cylinder 6 is disposed outside of the internally contacting 
cylinder 6, and thus, co-axial double hollow rings is formed by the internally contacting cylinder 
6 and the output shaft 8. 

[0028] A lot of recesses are formed at corresponding positions of the outer circumferential 
surface of the inside ring (internally contacting cylinder 6) and the internal circumference 
surface of the outside ring (output shaft 8) of the double hollow rings, and a lot of rollers 12 are 
mounted in the recesses formed on the inside ring (internally contacting cylinder 6) and the 
outside ring (output shaft 8) as a coupling member. Therefore, the inside ring (internally 
contacting cylinder 6) and the outside ring (output shaft 8) are coupled with each other by the 
rollers 12, and thus, deformation in a radial direction of the inside ring (internally contacting 
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cylinder 6) is permitted while the double hollow rings comprising the outside ring (output shaft 8) 
and the inside ring (internally contacting cylinder 6) are united with respect to its rotation. 
[0029] The externally contacting shaft 5 formed in a ring-shaped hollow cylinder is held by a 
plurality of intermediate shafts 2 without being disposed with special support bearing, and it 
forms a floating ring. The diameter of the externally contacting shaft 5 of the hollow cylinder is 
set a little bit larger than a diameter of an imaginary circle which externally contacts with the 
intermediate shafts 2 under free conditions, so that in the installation state wherein the 
externally contacting shaft 5 of the hollow cylinder, the intermediate shafts 2 and the internally 
contacting cylinder 6 are installed, pressing load is generated by means of deformation of the 
externally contacting shaft 5 and internally contacting cylinder 6 of the hollow cylinder. 
[0030] The outside ring (output shaft 8) of the double hollow rings serves as an inner race of 
the main bearing, and case 17 serves as an outer race of the main bearing. Therefore, the 
main bearing consisting of two lines of vertically disposed angular ball bearings is formed by 
means of the outside ring (output shaft 8), the case 17 and the bearing balls 7 mounted 
therebetween. As a result, the outside ring (output shaft 8) coupled with the inside ring 
(internally contacting cylinder 6) by means of the rollers 12 can rotate relative to the case 17. 
[0031] The case 17 is fixed to the above described frame 1 1 by means of pins or keys 15. On 
the other hand, the outside ring (output shaft 8) is mounted on the above described table 10 by 
means of a flange 9 and bolts 18. Reference numeral 19 denotes a support member which is 
disposed between the adjacent intermediate shafts 2 and which raises rigidity of the carrier 4. 
[0032] In the embodiment of the present invention which has the above-described structure, 
the internally contacting cylinder 6 and externally contacting shaft 5 are formed in a ring-shaped 
hollow cylinder, and form a floating structure which permits free deformation, within the elastic 
region. In other words, the hollow cylinder is supported by the intermediate shafts without 
support of any bearings. Materials and size of the externally contacting shaft 5 and the 
internally contacting cylinder 6, are so selected that desired pressing force is produced by their 
external or internal contact with the intermediate shafts 2 and that fatigue does not occur by 
repeated stress. 

[0033] More specifically, since the externally contacting shaft 5 acts as one of the floating 
rings, the outer diameter of this floating ring (hollow externally contacting shaft 5) is formed a 
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little bit larger than a diameter of an imaginary circle which externally contacts with the 
intermediate shafts 2. This floating ring is built in at the center so that it externally contacts with 
a plurality of intermediate shafts 2. By this construction, the shape of the floating ring (hollow 
externally contacting shaft 5) which has been a truth circle is changed into wavy shape in the 
elastic region, and pressing force is generated. In this case, the number of waves created by 
deformation of the floating ring becomes equal to that of the intermediate shafts 2. 
[0034] Further, since the internally contacting cylinder 6 serves as the other floating ring, the 
inside diameter of this floating ring (hollow ring-shaped internally contacting cylinder 6) under 
free conditions is get to be a little bit smaller than a diameter of the imaginary circle with which a 
plurality of intermediate shafts 2 internally contact. This floating ring is built in at the outside of 
the intermediate shafts 2 so that a plurality of intermediate shafts 2 internally contact with the 
floating ring. 

[0035] When the drive motor 1 is rotated, the rotation of the output shaft 1a is transmitted to 
the intermediate shafts 2, and the rotation of the intermediate shafts 2 is transmitted to the 
internally contacting cylinder 6 by means of traction force, and the torque of the intermediate 
shafts 2 is increased by a ratio between the radiuses of the internally contacting cylinder 6 and 
the intermediate shafts 2. In this case, because there is no engagement between teeth and 
teeth in the present embodiment, smooth reduced rotation can be realized. 
[0036] Further, as illustrated in Fig. 2, the load which is generated by propping of the 
externally contacting cylinder (externally contacting shaft) 5 against intermediate shafts 2 and 
the load generating by squeezing of the internally contacting cylinder 6are balanced with each 
other, so that the intermediate shafts 2, the externally contacting cylinder (externally contacting 
shaft) 5 and the internally contacting cylinder 6 are kept in a balanced state. Because internally 
applied pressing load does not exert excessive unbalanced force or deformation to a base 
supporting the intermediate shafts 2 and the main bearing, vibration and the noise of the whole 
device is remarkably decreased. 

[0037] Furthermore, as measures of the worry that the rotation precision deteriorates due to 
pressing force created by deformation of the externally contacting shaft 5 locating at the center 
and acting on the intermediate shafts 2 and the internally contacting cylinder 6 and due to the 
vibration of the internally contacting cylinder 6, in the present embodiment, the internally 
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contacting cylinder 6 may be formed in co-axial double hollow rings, and the inside ring 6 and 
the outside ring 8 of the double hollow rings may be coupled with each other by a coupling 
member (rollers 12). By this construction, deformation of the inside ring caused by the 
deformation of externally contacting shaft 5 formed in a ring-shaped hollow cylinder is scarcely 
transmitted to the outside ring, and accordingly, the rotation precision of the internally contacting 
cylinder 6 improves. 

[0038] More specifically, because pressing load for obtaining a traction force is not 
transmitted to the base and the casing, even if the main bearing is disposed at neighborhood of 
the traction mechanism, a flat type drive is provided without giving adverse influence to rotation 
precision of the main bearing. 

[0039] Furthermore, an electric motor is offset more than a radius of the motor from the 
central axis of the reduction gear so as to form a hollow structure. Temperature control can be 
simply done by passing a joint for controlling the temperature of a table through the hollow 
portion. 

[0040] The inner race and the outer race of the main bearing for a rotation of the table are 
formed integrally with the casings of the output shaft, respectively, because of thick wall, high 
precision and high rigidity can be realized. 

[0041] Because of the construction described above, a rotary drive device of a polishing table, 
a table for CMP (Chemical Mechanical Polishing) or a polisher which exerts a large output 
torque and high rotational speed precision, as well, which has a hollow structure of lightweight 
and compact while it generates low vibration, low noise, is provided. More specifically, a 
compact rotary drive device of a polishing device having superior rotation stability relative to the 
conventional devices can be realized. 

[0042] An alternative embodiment of the present invention will now be explained. Fig. 3 is a 
sectional view of the alternative embodiment wherein the present invention is carried out in a 
CMP table, Fig. 4 is an enlarged sectional view of a traction reduction gear used in Fig. 3, and 
Fig. 5 shows 5-5 section of Fig. 4. 

[0043] In Fig. 3, a table 10 is formed in a circular disc, on which semiconductor wafers or 
liquid crystal glass are mounted, it is pressed down by a polisher (not shown) from the top, and 
it is used to flatten an end face of wafers or an end face of liquid crystal glass. Reference 
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numeral 11 denotes a frame. 

[0044] A hollow shaft 10a protrudes downward from the center of the table 10. A radial 
bearing 21 is mounted between the hollow shaft 10a and the aperture 1 1a of the frame 1 1 , and 
a thrust bearing 22 is mounted between the lower surface of the table 10 and the upper surface 
of the frame 1 1 . Thus, the table 1 0, is disposed on the frame 1 1 rotatably about a vertical axis 
via the radial bearing 21 and the thrust bearing 22. 

[0045] In the inside of the frame 1 1 , a traction drive type reduction gear 20 is arranged at a 
position offset from the center of the aperture 11a, and a drive motor 1 is coupled with the 
traction drive type reduction gear 20. 

[0046] A hollow pulley 10b is formed at a bottom end of the hollow shaft 1 0a of the above 
described frame 1 1 , and the output shaft 23 of the traction drive type reduction gear 20 has a 
solid pulley 24 mounted thereon. A transmission member 25, such as a tooth belt, is engaged 
between the hollow pulley 10b and the solid pulley 24. Therefore, the table 10, is rotated in a 
horizontal plane by the drive motor 1 via the traction drive type reduction gear 20 and the 
transmission member 25. 

[0047] The offset amount of the disposed position of the traction drive type reduction gear 20 
is set larger than a bigger one among the radius of the traction drive type reduction gear 20 and 
the radius of the drive motor 1, and thus, the lower part of the aperture 11a formed in the frame 
1 i is open so that a joint 3 can be passed through the aperture 11a formed in the frame 1 1 and 
so that the temperature of the polishing table, the table for CMP or the polisher can be 
controlled. 

[0048] Referring to Figs. 4 and 5, the details of the traction drive type reduction gear 20 of the 
present embodiment will now be explained. The output shaft la of the drive motor 1 has an 
externally contacting shaft 5 coupled therewith by spline, and the externally contacting shaft 5 is 
located co-axially with the output shaft 1a. 

[0049] On the other hand, the output shaft 23 of the traction drive type reduction gear 20 is 
formed in a disc-shape at the bottom end 23a thereof. Further, the carrier is also formed in a 
disc-shape. The disc-shaped bottom end 23a of the output shaft 23 and the disc-shaped carrier 
4 are coupled with each other by means of bolts 31 . 

[0050] The externally contacting shaft 5 of traction drive type reduction gear 20 is rotatably 
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